unit association results in the activation of the type I
receptor via phosphorylation by the type II kinase structures in a dose-dependent fashion (Table 1A) . The lowest concentration of TKV-A mRNA (18 ng/l) pro- (Wrana et al., 1994) . Complete loss of activity of either the type I receptor thick veins (tkv) (Brummel et al., 1994;  moted formation of dorsal epidermis in 18% of injected embryos but was insufficient to specify amnioserosa Nellen et al., 1994; Penton et al., 1994) 1G , and 1I) and amnioserosa in 46% of injected embryos required for proper dorsal-ventral patterning: strong hypomorphic alleles of sax result in loss of only the dorsal-( Figures 1C and 1I ). These results suggest that the signaling pathway downstream of the TKV receptor can most pattern element, the amnioserosa (Nellen et al., 1994) . The differential requirement for these two type I recapitulate embryonic dorsal-ventral pattern as a function of its level of activation. receptors raises the possibility that they have independent functions during development.
Here we use mRNA injection assays to explore the SAX Activity Synergizes with TKV Activity Interestingly, when we examined whether activated SAX interrelationships among these signaling components. We demonstrate that the SAX signal synergizes with, receptor could promote dorsal cell fates, we found that injection of a high concentration of SAX-A mRNA (8 g/ but is dependent upon, TKV signaling for activity. We establish that SCW is a component of the SAX ligand l) into embryos from snk Tl D females had little or no effect. Specifically, none of the injected embryos (n ϭ and show that SCW activity can be blocked by SOG. We propose that interactions among these components 138) differentiated amnioserosa ( Figures 1D and 1J ), and only 2% (n ϭ 82) of the cuticles from these injected result in a gradient of dpp activity that patterns the embryonic ectoderm. . While 94% of uninjected embryos did not differentiate any amnioserosa (n ϭ 143), 76% of embryos injected with Results 800 ng/l SAX-A mRNA differentiated a normal complement of amnioserosa (n ϭ 100). Thus, while sax is re-A Constitutively Active TKV Receptor quired in the wild-type embryo for specification of at Promotes Dorsal Structures in a least the amnioserosa, activation of the signaling pathDose-Dependent Fashion way downstream of the SAX receptor is not sufficient To examine the relative contributions of the TKV and to promote dorsal development in the absence of dpp SAX signaling pathways to the specification of embryactivity. onic dorsal-ventral pattern, we injected mRNAs encodWe reasoned that SAX signaling could have phenoing constitutively activated forms of each receptor into typic consequences only in the presence of a preexisting "lateralized" embryos lacking dpp signaling, obtained level of TKV activity. To test this hypothesis, we coinfrom females of genotype snk rm4 Tl
9Q
/snk 229 ϩ (snk Tl D ). jected 800 ng/l SAX-A mRNA with different concentraFemales of this genotype lay eggs in which the nuclear tions of TKV-A mRNA into embryos from snk Tl D mothers gradient of dorsal protein is altered such that progeny and quantitated the production of dorsal structures. We embryos do not express either dorsal-specific genes, observed that, over a range of different concentrations such as dpp, or ventral-specific genes, such as twist of TKV-A mRNA, coinjection of SAX-A mRNA resulted (Ferguson and Anderson, 1992a). Rather, these embryos in a striking increase in the percentage of embryos that express lateral-specific genes, such as sog, around the differentiated each of the two dorsal tissue types (Table  embryonic circumference and differentiate cuticles in  1A) . For example, while injection of 70 ng/l TKV-A which ventral denticle bands, characteristic of the neumRNA caused 32% of injected embryos to differentiate rogenic ectoderm, encircle the embryo (Figures 1A and dorsal epidermis and 7% of injected embryos to differ-1B). We examined the ability of each activated receptor entiate amnioserosa, coinjection of SAX-A mRNA with mRNA to promote differentiation of two different types the same concentration of TKV-A mRNA resulted in 82% of dorsal tissues: dorsal epidermis, quantitated by exof embryos differentiating dorsal epidermis and 70% amining cuticles of injected embryos for production of of embryos differentiating amnioserosa (Figure 2) . The dorsal hairs, and amnioserosa, quantitated by staining observed synergy between the activated forms of the injected stage 15 embryos for expression of ␤-galactosi-TKV and SAX receptors was relatively independent of dase from a P[Kr-lacZ] construct expressed in the amthe concentrations of injected SAX-A mRNA (Table 1B) : nioserosa (Ferguson and Anderson, 1992a). significant synergy was observed over a 10-fold range Each activated receptor was generated by in vitro of SAX-A mRNA from 200-2000 ng/l. Furthermore, the mutagenesis that converted a conserved Gln to an Asp observed synergy between the two mRNAs was depenin the GS domain of the receptor (see Experimental Procedent on activating mutations in both receptors ( wild type, n ϭ 87), whereas coinjection of 10 g/l wildThe dominant-negative receptors we used were type TKV mRNA had no effect (26% wild type, n ϭ C-terminal truncations that lacked the cytoplasmic ki-73). These results suggest that the dominant-negative nase domain necessary for signal transduction (see Ex- Figure 5A ), indicating that injected mRNA does not undergo significant diffusion within the embryo prior to translation. We observed that ventral injection of 7 ng/l SCW mRNA into scw mutants efficiently restored amnioserosa (88%, n ϭ 34) ( Figure  5B ). Thus, within the limit of our technique, expression of SCW mRNA in a domain that does not express dpp results in rescue of the scw mutant phenotype, favoring the interpretation that activity or formation of SCW-DPP heterodimers is not essential for dorsal-ventral patterning.
To determine the relationship between the two ligands and the type I receptors, we then asked whether coinjection of dominant-negative receptor mRNA was able to block the activity of one or both ligand mRNAs. Coinjection of TKV-DN mRNA blocked the ability of either SCW or DPP mRNA to promote amnioserosa in a scw mutant (Figures 4C and 4D ; Table 2B ). DPP activity was completely blocked by 1.6 g/l TKV-DN mRNA, whereas We then asked whether scw gene activity was necesantagonize SCW function. To test this hypothesis, we coinjected SOG mRNA with either SCW or DPP mRNAs sary for function of this chimeric receptor. Specifically, we injected the same concentration of chimeric receptor into scw mutant embryos and observed whether SOG could block the activity of each injected ligand mRNA. mRNA into embryos from a cross of females of genotype Figure 5B) . Moreover, this model could also provide an explanation for a puzzling aspect of the phenotype of embryos that lack the nuclear gradient of dorsal 
